Materials and Methods:
Design, synthesis and purification of DNA. The particular sequences used in this study were generated where possible by the principles of sequence symmetry minimization (1) . The crossover points are determined in the PX structure with alternating 6:5, 7:5 or 8:5 wide/narrow groove spacing , and an asymmetric sequence to prevent crossover isomerization between the first two strands (See Figure 1b .) The individual strands were synthesized using an Applied Biosystems 380B automatic synthesizer, employing routine phosphoramidite procedures (2) . The strands were removed from the support, deprotected and purified from denaturing gel electrophoresis. The actual stoichiometry of the complexes was determined by titrating pairs of strands designed to hydrogen bond, and visualizing them by gel electrophoresis. Absence of monomer bands indicates the endpoint.
Protocols for formation of the complexes. PX and JX 1 complexes were formed by mixing the appropriate quantities of each strand as determined by absorbance at 260 nm (using 35 μg of DNA per absorbance unit). The buffer was 40 mM cacodylate, pH = 7.2, 2 mM EDTA and either 12. 5 All calorimetric scans were from 25-80 o C and performed on a Calorimetric Sciences Corp., Nano II scanning calorimeter at a scan rate of 1 o /min. The volume of the sample and reference cells was 0.3 mL. Solutions, which were 1.5 micromolar in either the PX or JX 1 structure, were scanned with buffer in the reference cell. Occasional scans of buffer vs. buffer were checked for baseline stability. There were small differences between the slopes of the buffer baselines and those containing sample, and because the DSC thermal transitions were small (peak heights around 4 microwatts), a fitting protocol had to be adopted to provide a consistent way to deal with the baseline. Direct subtraction of buffer baselines from sample curves was not appropriate, so the pre-and post-transitional baselines were fit to a 4 th order polynomial, and the resulting calculated baseline subtracted from the DSC scan of the sample. Enthalpies of melting were determined from the baseline-corrected DSC curves using the total areas of the thermal transitions. The entropy of melting was evaluated from ΔS m = ∫C p (ex)/T dT, and since ΔS m = ΔH m /T m , the value of Tm was determined from the ratio ΔH m /ΔS m .
UV-Melting curves. Melting of the PX and JX 1 structures was also monitored from observation of the absorbance at 260 nm (A 260 ) as a function of temperature. The measurements were made with a Hewlett-Packard 8452 Diode Array spectrophotometer fitted with a Peltier temperature programmer at a scan rate of 0.15 deg/min. The resulting A 260 vs. temperature curves were smoothed using an adjacent averaging technique, and the derivative curve calculated using Origin TM software to provide a plot of dA 260 /dT vs. temperature.
Denaturing Gradient Gel Electrophoresis (DGGE).
Denaturing gels are made with a Hoefer twochamber gradient according to the protocol supplied by the supplier. Two layers of stacking gels are placed both above and below the gradient gel. Both the stacking gel and the denaturing gradient gel contain 10% acrylamide and uniform TAE buffer. One long well is made on top of the stacking gel. Different from stacking gels, the gradient gel contains a linear denaturing gradient from 0.7 M urea/4% (vol/vol) formamide on the left to 3.5 M urea/20% (vol/vol) formamide on the right. The linear gradient is perpendicular to the electrophoresis direction. Before loading the samples, the gel holder with the gel and the buffer chamber are placed for 20 minutes in an aquarium with TAE buffer controlled at 50 °C. After loading the samples, electrophoresis is performed at 300 V at 50 °C for 3hrs. Autoradiograms are analyzed on a Molecular Dynamics Storm 840 PhosphorImager.
Constancy of ΔH m and ΔS m
A question arises as to whether the assumption of the constancy of ΔH m and ΔS m as temperature is changed from T m to 37 o C would make any difference in the trends in the melting data. It is possible to calculate the free energy at 37 ˚C taking into account variation in ΔH m and ΔS m with temperature, provided some estimate of the heat capacity change for melting is known. Small heat capacity changes have been observed for the melting of B-form DNA, and a recent study of the temperature dependence of the heat of duplex formation reveals an average value of around 68 cal/deg-mole of base pairs (5) . This small change is difficult to observe in DSC scans at low concentrations. For example, for a 76 base pair oligonucleotide at 1.5 micromolar the expected ΔC p is less than 0.2 microwatt in the DSC scan, a magnitude that would be difficult to discern from the normal experimental baseline shifts in scanning. However, making the likely assumption that PX and JX base pair melting is similar to B-form, and that the heat capacity change is about 68 cal/degmole of base pairs, the free energy at 37 o C can be calculated using the following equation:
ΔG 37 = ΔH m (1 -T 37 /T m ) + ΔC p ( T 37 -T m -T 37 ln (T 37 /T m )
This calculation reveals that both the enthalpy and entropy of melting values are decreased (data not shown), from those shown in Figures 3 and S3 , but because both decrease in an almost compensatory amount, the free energies at 37 ˚C are almost identical to the values shown in the Figures. The general trends in all of the numbers in Figures 3 and S3 are the same whether the heat capacity change is accounted for or not, so because we do not know the exact ΔC p values for melting of PX or JX forms, we will use the experimentally determined values in the figures for discussion. 
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Figure S4
Figure S4: Pictorial representation of the thermodynamic data for the process, 2Duplex ⇒ PX or (JX 1 ), for the conversion of duplexes to corresponding crossover structures. Squares are for the 6:5 case, circles for the 7:5 case, and triangles for the 8:5 case, and hi and lo refer to 125 mM and 12.5 mM Mg ++ ion in the buffer.
